Introduction
The potential growth of an economy is one of the most relevant concepts for economic analysis and, in particular, for economic policy decisions. Issues as important as the cyclical position of the economy and the assessment of the macroeconomic policy stance cannot be addressed without knowledge of this variable.
The potential output of the economy is not observable, however, and therefore has to be estimated. The estimation of potential output is not without controversy and, in fact, a large variety of methodologies has been proposed in the literature for its calculation.
Moreover, the uncertainty involved in the estimation of potential output is especially high in an environment like the current one, in which it is difficult to determine the extent of the effects of the economic crisis on this variable.
In particular, there are arguments for thinking that the economic crisis may have had a negative effect on the current level of potential output through, for example, the fall in investment or the increase in structural unemployment resulting from, among other factors, the increase in long-term unemployment. However, the economic crisis may also have had a negative effect on the potential growth rate of the economy in the medium term if, for example, it leads to a permanent reduction in the economy's investment growth rate.
This could be associated with greater risk aversion on the part of agents or a downward revision of future expectations for the economy, and/or a smaller contribution from potential employment as a consequence, among other factors, of a decline in migration flows.
Conversely, the implementation of structural reforms that improve the functioning of product markets and economic factors could have a significant positive impact on the economy's potential growth in the medium term.
Against this background, this paper seeks to estimate the potential output of the Spanish economy. To do so it employs the production function methodology that is standard in the literature, with some modifications, mainly to reflect certain specific features of the Spanish economy. The basic advantage of this methodology is that it enables the underlying determinants of potential growth to be analysed. Moreover, in order to distinguish the more or less enduring effects of the recent economic crisis, not only is this estimation made for the observed period (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) and over a normal projection period for macroeconomic forecast exercises (2010) (2011) (2012) 1 , but the analysis is extended to a medium-term horizon (2013) (2014) (2015) . Consideration of this medium-term horizon is particularly relevant given that the impact of the crisis on the level of potential output in estimates commonly available is in lower growth of this variable not only in the recession but also in the years immediately following, to the extent that some of these effects occur at a certain time lag. Therefore, the estimates for 2008-2012 cannot be taken as a projection of the growth rate of potential output of the economy in the medium and long term. In fact, it can be expected a gradual recovery of the economy's potential growth, once the effects of the crisis on the level of potential output are vanished. However, this medium term estimates need to take a series of assumptions about the evolution of the economy, which are particularly difficult, because normally there are no macroeconomic projections available for this time horizon. The results and interpretation of the results are therefore conditional to these assumptions.
Methodology for estimating potential output

The production function
The potential output of an economy can be estimated using different methodologies. These can basically be classified into those that use statistical procedures to estimate the trend in the economy's output, by separating out cyclical elements, and those that use a production function to estimate potential output 2 . In line with previous studies 3 , the approach followed in this paper is the latter one, since it is based on firmer theoretical concepts which, for example, enable the sources of potential growth to be analysed.
The first step in this estimation is to specify the form of the production function, the most commonly used being the Cobb-Douglas form. Assuming constant returns to scale, a Cobb-Douglas production function can be written as follows:
where Y is output, A a scale factor, α the employment elasticity of output, L employment, K the capital stock and TFP total factor productivity, i.e. that part of growth that is not explained by changes in employment and capital. Within this framework, estimation of the economy's potential output, which we can denote by Y*, requires the evaluation of the potential values of each of the components of the production function: employment, capital and TFP. In our case, this exercise is carried out solely for the market economy.
To obtain potential output for the economy as a whole, the output of the public sector and indirect taxes net of subsidies are added to the potential output of the market economy.
Once potential output has been estimated, the output gap is defined simply as the difference, in percentage terms, between actual output and the estimated potential output.
There follows a description of the procedure for estimating the elasticity of output with respect to the factor of production labour (α) and of the components of potential output, namely employment, the capital stock and total factor productivity, as well as potential non-market output.
The elasticity of output with respect to labour
Starting from the above specification of the production function, taking differences, applying
Euler's theorem and denoting with small letters the relevant variables in natural logarithms, we obtain that:
If, we also assume perfect competition in the product and factor markets, the first-order conditions for profit maximisation for the representative firm imply that the marginal 2. It is also possible to derive potential output within the framework of a DSGE model, as the output obtained with price flexibility. 3. See, for example, Estrada et al. (2004) and Izquierdo et al. (2007) .
productivity of each factor should be equal to its cost in real terms; therefore, in the case of the labour factor we can write:
[4]
Where S L represents the share of labour income in nominal output and implies that the employment elasticity of output is exactly equal to the share of labour income in nominal output. Given that the existence of constant returns to scale has been imposed, the elasticity of output with respect to capital will be precisely (1 .
In our case, we use annual National Accounts data to calculate this elasticity, although to avoid possible excessive fluctuations in this variable we use a series smoothed using the HP filter. With regard to the projection period, the value of the elasticity is estimated until 2012 using the forecasts of the «Spanish Economic Projections Report» published in the 
Potential employment
The calculation of the economy's potential output is based on the following expression:
where the level of employment (L) is defined as the labour force (LF) multiplied by the inverse of the unemployment rate (U), and, where the labour force is decomposed into the product of the population over the age of 16 (POP) and the participation rate (PR).
In addition, employment is measured as total hours worked, so that in the previous expression, L should be multiplied by the hours worked per person employed. Starting from this decomposition of employment, the economy's potential employment is calculated by estimating the potential values of each of the components mentioned: population, participation rate, unemployment rate and hours worked.
In the case of population, to estimate potential output the working age population is used, i.e. the population aged between 16 and 64, which is published by the INE in its annual National Accounts (NA) 4 estimates. In principle, population is a variable that is not affected by the business cycle, at least in the short term, since current fertility decisions only affect growth 4. This population series is fully consistent with the one estimated by the LFS, so that there are no problems of inconsistency with the unemployment series which, as we shall see further on, are based on this survey. In addition, the quarterly estimates supplied by the LFS may be used to assess the short-term population predictions. As regards the population projections, INE forecasts are available for the period 2011-2015. These forecasts are used to project changes in the working age population and they anticipate a further slowdown in migratory flows, on top of that already observed since the start of the crisis, which will even lead to a decline in the working age population in future years, accompanied by a progressive ageing of the population of Spanish nationals.
COMPENSATION OF EMPLOYEES AS A PROPORTION OF GDP
With respect to the participation rate, it is defined for the purposes of the calculation of potential output as the sum of persons employed according to the National As regards estimation of the potential evolution of this variable, the participation rate may also behave cyclically as a consequence, for example, of disincentives to participation at times of high unemployment. However, high rates of unemployment which affect the main household earners, may also lead to an increase in the participation of individuals who would normally be outside the labour force. In order to capture these cyclical effects,
we have estimated a relationship between the participation rate and the unemployment rate. This equation, with data to 2010, gives an elasticity of −0.15 (t-statistic = 2.62),
i.e. on average a decline of 1 pp in the unemployment rate leads to an increase of 0.15 pp in the participation rate [see Montero (2011) ]. To calculate the potential participation rate an equation is used in which the observed unemployment rate is replaced by the value of NAIRU, which we will analyse below. This procedure smooths the participation rate, since falls in unemployment are passed through to increases in the participation rate only insofar as they are considered to be structural (see Chart 5).
With regard to the projection period, there is evidence that the cohort effect associated with the incorporation of women into the labour market -the main factor accounting for the increase in the participation rate in recent years 5 -will continue to be the main determinant of the evolution of the potential participation rate in the next few years [see Cuadrado et al. (2007) ], although its magnitude will be progressively smaller.
Thus, for the projection period, the potential participation rate reflects both the effect of the changes in the structural component of unemployment and the available projections of this cohort effect. Specifically, demographic effects (which include the cohort effect of women's increasing participation in the labour market and that associated with a better educated population) explain an increase of 0.5 pp in the aggregate participation rate of the population aged 16 to 64 in 2010, which slowly declines thereafter to an increase of around 0.3 pp in 2015.
5. In fact, in Montero (2011) shows that the constant of a recursive regression between the change in the participation rate and the change in the unemployment rate (with data up to 2010), which would show the medium term trend of participation which in turn could be linked, at least in part, with so-called cohort effect, has a growing trend that tends to stabilize around 0.4 percentage points per year towards the end of the sample, in line with the effects cohort estimated in Cuadrado et al. (2007) . NAIRU (U*) itself follows a random walk with drift (Zt). The drift is affected by a set of structural factors, which therefore determine the changes in NAIRU.
PARTICIPATION RATES
[7]
Specifically, Zt includes the change in direct labour taxes, which positively affect NAIRU, by raising employment costs, and the change in the participation of women and immigrants in the labour force, which reduce NAIRU by introducing flexibility into the labour 6. This estimation requires an assumption to be made regarding the relative variance of the error terms of the two equations. This assumption does not, however, affect the estimated level of NAIRU too much, but does affect its volatility. For the results presented below it was assumed that the variance of is one third of the variance of .
The projection process is carried out in several stages. 
The potential capital stock
The second basic input to estimate the economy's potential output is the capital stock.
However, unlike the other primary factor of production (employment), this variable is not estimated directly in the National Accounts, so that it has to be obtained from other information sources. The capital stock is usually calculated on the basis of gross fixed capital formation, using the following accumulation formula [Hulten and Wyckoff (1981) ]:
where K is the capital stock, the rate of depreciation and I is gross fixed capital formation.
Thus, in each time period the capital stock is obtained as the sum of the capital stock in the initial period 7 , having deducted the portion that has depreciated 8 , plus new acquisitions of capital goods.
7.
Estimating the capital stock in the initial period is not without difficulty, since this is normally a distant period, for which information is not available. To avoid this problem one can resort to the first order condition for maximisation of the representative firm's profits, which implies that the productivity of capital must be equal to its user cost in real terms.
Assuming that the production function is of the Cobb-Douglas type, with constant returns to scale, this condition implies that the ratio of capital to GDP will be equal to the inverse of the user cost of capital multiplied by the inverse of the elasticity of output with respect to capital. In addition, in the steady state investment must be equal to the specific percentage of the capital stock which coincides precisely with the rate of depreciation. Accordingly, the investment and GDP data estimated in the National Accounts can be used along with the rate of depreciation of the capital stock and its The capital stock can be disaggregated into three basic components 9 : a) residential, b) public and c) private productive. These three components differ in terms of their useful life (their rate of depreciation) and their productivity (their unit contribution to production), which suggests that they should be constructed separately and that they should not be aggregated by simply adding them all together. Thus, for example, the annual rate of depreciation normally used in the case of residential investment is 2%, which means that dwellings last around 50 years, whereas a rate of 4% is used for public investment and 10% for private productive investment. Such a low rate of depreciation for residential investment makes the housing stock very large in relative terms (around 60% of the total), even though residential investment only accounts for 10% of total gross fixed capital formation. However, National Accounts data show that the imputed rentals for owner-occupied housing represent less than 10% of the private sector's output. It is therefore evident that the "productivity" of this investment is lower than that of other investment and, consequently, the housing stock should be reweighted before being aggregated.
HOURS PER PERSON EMPLOYED. RATE OF CHANGE
This correction of the levels of the stocks of capital in accordance with their productivity is one of the main contributions of the EU-KLEMS database [O'Mahony and
Timmer (2009)], which is the one used for this paper. In this database the levels of the capital stocks of each type of investment are "corrected" in accordance with their cost relative to total capital costs. This means that residential capital, which has a low rate of depreciation and, therefore, a lower user cost is corrected downwards, as is the case of infrastructure.
The opposite occurs in the case of private productive capital. Chart 9 shows the annual rates of change in the aggregate capital stock when its three components are simply summed and when each component is weighted by its productivity 10 . The latter is seen to display large cyclical fluctuations, growing more in expansionary periods and adjusting more in recessions.
user cost in real terms to obtain the capital stock. However, given that these are long-run equilibrium conditions and that there may be rigidities in the short run that prevent their continuous satisfaction, it is normal to estimate the capital stock using average data over several years (up to 10) that are sufficiently distant from the first year. 8. In principle, the rate of depreciation should reflect the loss of efficiency of the existing capital stock and, therefore, should show some variation over time, increasing in periods in which the capital stock is used more intensely, when significant technological progress is made and when demand shifts towards other products. However, to facilitate its calculation it is normal to consider it stable over time for each capital good, defined more or less restrictively, and its value is usually obtained from tax data on the charges made by firms for the amortisation of tangible fixed assets. 9. The residential component includes capital used to obtain accommodation services, including owner-occupied and rented housing. Public investment largely constitutes the infrastructure of a country. Finally, private productive investment includes machinery, buildings, transport equipment, etc., which firms use in their productive processes. 10. The latest capital data available in EU KLEMS relate to 2007.
In order to obtain the economy's potential output it is necessary also to obtain the economy's potential stock of capital. Most studies that apply the production function methodology equate the potential stock of capital with the observed stock, given that the latter is barely correlated with the business cycle However, in our case, when we correct the different capital stocks for their productivity, the assets that are depreciated most gain in weight, so that the capital stock used displays a significant positive correlation with the business cycle. Accordingly, it is not possible to equate the economy's potential capital stock with the actual stock, since this would induce a pro-cyclical bias into potential growth.
To avoid this problem, the economy's potential capital stock is approximated by smoothing the observed capital stock using an HP filter which eliminates the fluctuations in this variable in the frequency of the business cycle (see Chart 10).
11. In fact, in most developed countries there is a statistic which tries to measure the percentage of installed productive capacity actually being used at each moment in time (in industry). This percentage fluctuates appreciably over time and displays a high positive correlation with the business cycle.
12.
As the rate of depreciation increases (i.e. the useful life of the stock falls) the contribution of new investment becomes more important and the stock becomes more sensitive to the behaviour of the flow. Beyond the observed period, the capital stock is projected using the forecasts of Model of the Banco de España (MTBE, by its Spanish initials). This model uses the profit optimisation problem to obtain the long-run equilibrium conditions for the demand for capital, which depend on the ratio of the marginal productivity of capital being equal to the ratio of its nominal cost. For the projection period it is assumed that the real equilibrium interest rate will not return to the levels seen prior to the stage immediately before the crisis, when it was practically zero, but that it will stand at around 2%, close to its level between 1996 and 1999. This permanent increase in interest rates can be justified by the foreseeable increase in risk premiums associated with more risk averse behaviour on the part of investors following the economic crisis, although it may also be interpreted as an increase in the market price of credit associated with a reduction in competition in the financial sector and/or stricter regulation, also as a consequence of the crisis. As a result of these assumptions investment evolution is expected to be very similar to that observed in the recession of the early nineties (see Chart 11).
RATES OF CHANGE IN THE AGGREGATE CAPITAL STOCK AND IN THAT WEIGHTED BY PRODUCTIVITY
CAPITAL STOCK: RATE OF CHANGE 
Total factor productivity (TFP)
Total factor productivity is defined as that part of output which cannot be justified by the existing factor endowment and by the factor combinations determined by current technology 13 . In consequence, the usual way of obtaining a series for TFP (A) in the observed period is as a residual of output (Y), employment (L) and the capital stock (K). Specifically, the change in TFP can be obtained from the following expression, all the variables of which are observable:
There are two basic problems using this estimation of TFP to estimate potential output. First, given its residual nature it may display excessive fluctuations at the highest frequencies, since it includes all the errors in measuring output and the primary factors of production. Second, it may also display some correlation with the business cycle. Indeed, there is empirical evidence for many countries showing that TFP is positively correlated with the cycle. This may be due to a number of factors, although the most common explanations are that the capital stock is not always used with the same intensity 14 and labour does not always perform its tasks with the same degree of effort. In fact, there is evidence that at the start of recessions "labour hoarding" occurs, whereby firms prefer not to lay off workers although activity has fallen, since both firing and hiring have a cost.
In Spain, the empirical evidence does not show a positive correlation between TFP (estimated as a residual) and the cycle, mainly due to the particular features of the labour market which mean that the bulk of adjustment falls on temporary employment. However, it does display a high short-run variability, as can be seen in Chart 12. In addition, as already mentioned, the capital stock series is not corrected for the use made of such stock. However, as can be seen in Chart 13, capacity utilisation is strongly cyclical and has fallen significantly during the present crisis. As a result, the TFP estimated without correcting for this phenomenon displays a strong fall during 2008 and 2009. In order to eliminate this effect, at least partially, we chose to apply the HP filter to the TFP to obtain its potential value (see Chart 12).
13. TFP is therefore a measure of the degree of economists' ignorance of the productive process. However, its unobservable and residual nature has not stopped theoretical and empirical analysis to try to identify its determinants. In particular, this variable has been related to technological innovation and, therefore, to indicators like investment in R&D&I, patents approved, etc. It may also reflect the institutional environment in which firms operate, so that indicators of the degree of competition in product markets or the degree of labour market rigidity are also crucial. The quality of human capital used by firms is another explanatory factor that may lie behind the behaviour of this residual. Finally, the quality of physical capital is a determinant that has also been analysed in the literature and, specifically, the role played by infrastructure in facilitating production by private firms. 14. As mentioned in the previous section there is a variable that measures capacity utilisation in industry, which displays a very close positive correlation with the business cycle.
With regard to the projection period, the characteristics that explain the developments in TFP in the Spanish economy in recent years need to be taken into account.
Specifically, the upswing in the economy was characterised by a progressive rise in the importance of the construction sector, whose weight peaked at 17.9% in 2006
15
. Insofar as this sector has a significantly lower productivity level and growth rate than the other sectors and the process of sectoral recomposition initiated during the crisis is expected to continue over the next few years, the TFP projection requires that this variable be analysed at a disaggregated level by sector. Specifically, this disaggregated analysis (see Chart 14) shows that the aggregate dynamics of TFP 16 during the expansionary period are explained not only by the greater weight of the construction sector but also by the negative trend in this variable in the market services sector. In this latter case, however, there was a positive trend in TFP growth.
In current prices.
16. The weighted sum of TFP by sector does not coincide with the TFP used to calculate potential output since, on one hand cross products are not included and on the other, the HP filter is not applied to the series in the disaggregated analysis. The result is a recovery in TFP between 2010 and 2015, which is explained by, in addition to the lower weight of construction, the parallel increase in the weight of industry, which is the sector with the highest rates of productivity growth, and a smaller negative contribution from market services, even though negative TFP growth rates continue to be projected for this sector.
TFP EVOLUTION. RATE OF CHANGE
Potential output of the non-market sector
As mentioned above, to obtain the potential output of the economy as a whole, we add to the previously obtained potential output of the market economy, the output of the public sector and indirect taxes net of subsidies. To avoid excessive fluctuations in this variable, the HP filter is used to obtain its trend value (see Chart 15). In the projection period, we assume a fall in the weight of the market economy and therefore a negative contribution by this variable to potential output, which is consistent with the need for fiscal consolidation following the strong growth in the government deficit during the economic crisis (see Chart 15).
17.
The increasing importance of industry to compensate for minor construction is justified because some of the market services are related to housing investment.
PUBLIC SECTOR OUTPUT. RATE OF CHANGE
CHART 15 
The expansionary period (2000-2007)
The potential growth in GDP of the Spanish economy is estimated to have been around 3% during the period 2000-2007. This growth rate is basically explained by the highly buoyant behaviour of the factors of production, employment and capital. As seen in Table 1, potential employment grew at an annual average rate of 2.5% during the period 2005-2007, only slightly below the observed growth in total employment (2.8% in this period). The growth rate of the potential capital stock stood at 5.1%. Conversely, total factor productivity fell by 0.4%.
This average growth was very stable throughout the period considered, although there was a slight slowdown over the period in both employment and capital. Table 2 shows the contribution of potential employment and its components to the growth of potential output. The increase in potential employment was mainly based on the observed increase in the labour supply, since, even when the cyclical behaviour of this variable during the period is allowed for, the working age population grew by 1. As a result of this investment effort, and having corrected for the relative user cost of the different types of capital stock considered, there was an increase in this period in the contribution of capital to potential growth. As seen in Chart 18, the largest contribution to the capital stock was made by the market services sector (which explains almost half of the total increase in capital), followed by non-market services, housing, industry and energy and finally construction and agriculture. In all, capital contributed somewhat more than two percentage points to the growth in the potential output of the Spanish economy in the period 2000-2007.
NAIRU (a)
-
TFP
With regard to TFP, one of the most striking features of the evolution of the Spanish economy prior to the crisis was that the high growth in the factors of production, and thus in their contributions to potential output, was accompanied by a slowdown in total factor productivity. TFP even recorded negative growth rates from 2000, thereby contributing to reducing potential output growth (its average contribution was −0.4 pp). The sectoral composition of growth during the expansionary phase explains only part of the unfavourable behaviour of TFP. In particular, the gain in weight of the construction sector, which displays negative TFP growth rates throughout the period, along with the fact that falls in total factor productivity were also seen in market services, would explain virtually the entire slowdown in TFP.
The period from 2008 to 2012
As mentioned in the introduction, the economic crisis has had a negative effect on the level of potential output through various channels such as, for example, the fall in investment and the increase in the rate of structural unemployment. This impact on the level of potential output is reflected in our estimates in the form of slower growth of this variable during the crisis and immediately thereafter, since some of these effects occur with a certain lag.
In particular, as seen in Table 3 Especially striking is the negative contribution of potential employment (see Table 4 . Indeed, net migratory flows were negative in the first quarter of 2011. As a result, and having allowed for the cyclical component of this slowdown, the contribution to potential output made by the working age population is estimated to have fallen from 0.8% in the previous period to 0.2% in this period.
18. In general, the elasticity of migratory flows to changes in GDP would be in line with the estimate in Lacuesta and Puente (2009) in the case of inflows and may be somewhat higher in that of outflows. With regard to NAIRU, its estimation reaches levels of around 15% in 2012, four percentage points up from 2007, which is a significant increase, but well below the observed and projected increase of almost 12 percentage points in the unemployment rate during the same period. According to this estimate, around 1/3 of the rise in unemployment was passed through to structural unemployment. As for its determinants, the rate of long-term unemployment rose significantly, although it is still below the levels seen in the recession in the early 1990s 21 . In any event, the incidence of long-term unemployment more than doubled to 46.6% of total unemployment in 2011 Q1. Likewise, although at the start of the crisis the increase in unemployment seemed to be primarily related to a very considerable increase in flows out of employment, subsequently there has also been a significant fall in flows out of unemployment (see Chart 19).
19.
It is interesting to note that, according to LFS micro data, the probability of an economically inactive young person commencing studies stood at 17.8% in 2010 Q3, up more than 3 pp from the same quarter a year earlier, and remained at elevated levels afterwards. 20. In fact, the estimated coefficient of response of the participation rate to unemployment described in Section 2 is half the one when the data on which it is based doesn't include the latest period. 21. The average rate of long-term unemployment in the period 1991-94 was 10.5%, whereas in 2011 Q1 it stood at 10%. The economic crisis has also had a very negative effect on investment. Indeed, the fact that the nature of the economic crisis is, at least in part, financial and that, in the short term, investment is the most sensitive macroeconomic aggregate to financial conditions means that the effect of the crisis on this variable in the short term is very significant.
In addition, in the case of Spain, this period was preceded by excessive residential . Indeed, the impact is proving particularly large in the case of housing investment which, given the relative costs of capital, limits the impact on the capital stock. In any event, the contribution of the capital stock to potential growth is estimated to fall by somewhat more than half a percentage point in the period 2008-2012 from the contribution estimated for the previous period.
That said, the impact of the crisis on the capital stock could be even larger than estimated, since the destruction of the productive capital stock resulting from the disappearance of firms, which has been especially severe during the crisis, has not been taken into account. According to some estimates [see, for example, Banco de España In 2011 the output gap would remain around 2%, while it would start closing in 2012,
given that the projected real GDP growth is higher than the estimated potential output growth for that year.
It is difficult to quantify precisely what has been the cost in terms of potential output loss because an estimate of this kind would require knowing what would have been 22. Although national accounting rules mean that the expenditure necessary to construct such housing should not form part of gross fixed capital formation, but be included in changes in inventories, the absence of reliable information prevents this, so that when gross fixed capital formation is accumulated, the capital stock taken as the starting point for the projection exercise is overvalued.
the evolution in the case of non-negative shocks have occurred that have led to this recession. To illustrate, Chart 21 shows the comparison of the potential output estimated in this paper (which we call, observed) with the one assuming that the potential growth had continued to grow at the same rate as before the crisis. The result of this comparison shows a loss of potential output of around 4%.
The medium term
As mentioned in the introduction, consideration of a medium-term horizon in estimating the potential growth of the economy is especially important in the current situation because the impact of the crisis on the level of potential output is reflected in our estimates in a lower growth for this variable during the years of crisis and in the immediate aftermath, to the extent that some of these effects occur at a certain time lag. Therefore, the estimates presented in the previous section for 2008-2012 cannot be taken as a projection of the growth rate of potential output of the economy in the medium and long term. For the latter, it is necessary an estimate for the projection period in the long run, when the effects of the economic crisis on the level of potential output have dissipated.
However, this estimate of the medium term requires taking a number of assumptions about the behavior of the economy, which is especially difficult since there are no available macroeconomic projections so distant in time. The results are therefore subject to these assumptions, which in our case have been detailed along the second section of this paper and summarized below:
-First, it should be noted that the potential impact of certain structural reforms is not incorporated, which in case of being implemented, could significantly improve the growth potential of the economy.
-We use the population projections through 2015 of INE, which implies a decline of working age population in the coming years, which will become one of the major drivers of growth of the Spanish economy, as in other developed economies. for women as well as those derived from a more educated population, which are of a smaller magnitude compared to those seen in the last decade.
-The projected evolution of the unemployment rate up to 2015 is similar to the one observed at the end of the 1993 recession, resulting in a NAIRU that, after reaching its peak in 2011 and 2012, would be reduced later.
-It is assumed that real interest rates will not return to the low levels observed prior to the stage immediately preceding the crisis, but to be at a higher level, similar to those observed between 1996 and 1999. Under this assumption and using the quarterly model of the Bank of Spain (MTBE) investment is projected to follow a similar evolution to that in the years following the recession of the 90s.
-With regard to TFP growth, it is assumed that the growth rate of this variable, at the sectoral level, is held constant at the average growth rate of the 2010-2012 period, while it is also assumed that the construction will continue to lose weight gradually, and be offset by an increase in the industry sector.
-The evolution of the non-market economy will be conditioned by fiscal consolidation, which requires reaching a deficit of 3% in 2013 and then a gradual move towards a balanced budget. In relation to the NAIRU, the estimation assumes only a slight reduction in this variable in the medium term, in contrast to the significant fall in the expansionary period. As a result of all these factors, the contribution of employment to potential output falls from 1. With regard to the capital stock, after 2012 the assumptions made regarding the evolution of the capital/employment ratio cause, as seen in Chart 23, the capital stock/output ratio of the private sector to converge smoothly to levels around 5.6%, as compared with the level of 4.6% reached just before the recession. In this scenario, the contribution of the capital stock to the economy's potential output stands at around one percentage point from 2012.
OUTPUT PER CAPITA GROWTH 
Conclusions
This paper seeks to estimate the potential output of the Spanish economy, using the production function methodology standard in the literature, albeit with certain modifications to reflect some specific features of the Spanish economy. The basic advantage of this methodology, over purely statistical methods, is that it enables the determinants of potential growth to be analysed.
It is important to point out, however, that the estimation of potential output is subject to a high degree of uncertainty, since a very broad set of information is required and a considerable number of simplifying assumptions must be made. This uncertainty is especially high in an environment like the current one, in which it is difficult to determine the extent of the effects of the economic crisis on the level of potential output and also on its future growth rate.
According to the methodology proposed in this paper, the growth of the potential output of the Spanish economy stood at around 3% in the period 2000-2007, owing to the marked increase in the population and in the participation rate and the fall in structural unemployment, as well as vigorous capital accumulation. The contribution of these factors to potential output was reduced by the negative evolution of total factor productivity.
The economic crisis is estimated to have had a significant negative impact on potential output, which has primarily taken the form of a large increase in structural unemployment, a sharp slowdown in population growth, as a consequence of the loss of momentum in immigrant inflows, and a reduction in the contribution of the capital stock resulting from the impact of the crisis on investment. As a result, the potential growth of the Spanish economy stands at around 1% during the crisis years and in the years immediately thereafter, insofar as some of these negative effects take place with a certain time lag.
Lastly, in the medium term, the potential output of the economy is estimated to recover progressively, once the effects of the crisis have disappeared, reaching growth rates about 2% in 2015, against a background of negative rates of change in the population of age 16-64, accordingly with the latest projections of INE, a smooth improvement in the NAIRU and a slight recovery in investment, and a higher contribution from TFP. The application of a strong process of structural reforms could, however, significantly improve the growth prospects of our economy [Gavilán et al. (2011) ].
